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(57)Abstract: 

PURPOSE: To prevent the change in the position in 
the pitching direction of the hull by waves, etc., by 
providing the support by a bearing to freely allow the 
rotation in the direction to change the angle of attack, 
and providing a hydrofoil of a shape to achieve the 
stabilization by the angle of attack to generate the lift 
by the flow of the fluid. 

CONSTITUTION: A hull 1 is provided with one or 
more hydrofoils 2 supported by a bearing 4 which 
freely allows the rotation of a rotary shaft 3 in the 
direction to change the angle of attack. The hydrofoil 
2 may be supported in the divided manner in the 
breadth direction. Alternatively, the hydrofoil 2 may 
be formed of the shape to stabilize the angle of attack 

to generate the lift sufficient to support the weight of the hull 1 when the ship is navigating. 
In addition, the hydrofoil 2 may be provided with an auxiliary foil to stabilize the main foil at 
an appropriate angle of attack. On the other hand, the shape of the foil may be of variable 
type. The position of the bearing which freely allows the rotation of the rotary shaft 3 is set 
in the vicinity of the position of gravity of the hull 1. This constitution prevents the change 
in the position in the pitching direction of the hull 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The vessel characterized by having the hydrofoil of one or more sheets supported by the 
bearing which allows freely rotation of the direction to which an angle of incidence is changed. 
[Claim 2] The vessel according to claim 1 characterized by dividing a hydrofoil crosswise and 
supporting it. 

[Claim 3] The vessel according to claim 1 or 2 characterized by having the hydrofoil which has the 
shape of a profile which is stabilized by the angle of incidence which generates the lift which is 
sufficient for supporting a part or all of weight of a hull at the time of transit, or a hydrofoil with the 
aileron which stabilizes a main plane by the suitable angle of incidence. 

[Claim 4] The vessel according to claim 1, 2, or 3 characterized by making the shape of a profile 
adjustable. 

[Claim 5] Claim 1 characterized by carrying out the location of the bearing which allows freely 
rotation of the direction to which an angle of incidence is changed near the center-of-gravity location 
of a hull, or a vessel according to claim 2, 3, or 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the vessel it runs at high speed and which 

has a hydrofoil about a vessel. 

[0002] 

[Description of the Prior Art] 

[Problem(s) to be Solved by the Invention] Conventionally, for the wave making resistance which 
becomes large rapidly with increase of a rate, and a viscous pressure drag, as a means to tear the wall 
of the rate which is not exceeded, the vessel of a skid mold, the vessel of the surfacing mold 
according to a hydrofoil further, etc. are devised, and it is widely put in practical use by vessel of a 
displacement mold. Especially, in the vessel of the surfacing mold by the hydrofoil, wave making 
resistance is almost lost, and since it becomes the pressure drag and frictional resistance which act on 
a hydrofoil and its stanchion, resistance becomes small sharply and can attain a big travel speed 
under small power. 

[0003] However, in order to make it a hydrofoil not come out on the water surface as the velocity 
vector of a vessel is always horizontally maintained depending on this method and a hull does not 
collide with the water surface, the actuator for changing the configuration or angle of incidence of a 
measurement control device and a hydrofoil is needed. 

[0004] Although there is also a method of stabilizing the posture of a hull with the aileron connected 
with a fin which goes into the water surface halfway, and it, it is hard to say into a billow that it is 
practical. This invention aims at offering the vessel which has the hydrofoil which cannot receive 
easily the posture fluctuation of a hull or the effect of a wave which make it possible to attain a big 
rate without attitude control equipment under small power with simple attitude control equipment for 
the small vessel which cannot carry complicated attitude control equipment especially easily. 
[0005] 

[Means for Solving the Problem] This invention is a vessel characterized by the following matters. It 
is the vessel characterized by having the hydrofoil of one or more sheets supported by the bearing 
which allows freely rotation of the direction to which an angle of incidence is changed. Especially, 
crosswise, when flow is uneven, there is a vessel characterized by dividing an aerofoil crosswise and 
supporting it to produce the lift distribution crosswise positively for the purpose, such as attitude 
control. 

[0006] There is a vessel characterized by having the hydrofoil which has the shape of a profile which 
is stabilized by the angle of incidence which generates the lift which is sufficient for supporting a 
part or all of weight of a hull at the time of transit as an example of this vessel, or a hydrofoil with 
the aileron which stabilizes a main plane by the suitable angle of incidence. Furthermore, in order to 
optimize the lift which a hydrofoil generates according to a run state, there is a vessel characterized 
by making the shape of a profile adjustable. When the posture of a hull is especially changed in a 
billow, in order for the force of acting on a hull from a hydrofoil not to carry out induction of the 
pitch angle fluctuation of a hull, there is a vessel characterized by carrying out the location of the 
bearing which allows freely rotation of the direction to which an angle of incidence is changed near 
the center-of-gravity location of a hull. 

[0007] Now, drawing for explaining the basic configuration of the vessel by this invention to 
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drawing 1 is shown. In drawing 1 , the hydrofoil 2 attached in the hull 1 through the revolving shaft 
3 and the bearing 4 serves as the configuration where the aerofoil posterior part (trailing-edge 
section) 5 leaped up up, and when supported with the revolving shaft 3 arranged on the suitable 
location, it serves as a configuration which is stabilized by the angle of incidence which generates 
lift at the time of transit, furthermore, control of the time average value of the lift which it is possible 
to change the angle of incidence of an aerofoil according to the small force by the aerofoil posterior 
part's 5 bounding and controlling a raising include angle actively, and a hydrofoil generates — 
control for oscillating control of a hull can also be easily performed by the small force further more 
positively. 

[0008] In addition, in order to enlarge effectiveness as an aerofoil, as for the location of a revolving 
shaft 3, considering as the front a little is more desirable than the aerodynamic center of an aerofoil. 
In this example, the hull serves as a catamaran mold. In this case, when not controlling the 
configuration of a hydrofoil, as for a part of weight of a hull, it is desirable to make it take charge 
with a displacement and to maintain the independence stability of the posture of a hull. On the other 
hand, in controlling the shape of a profile according to the run state at that time, and the posture of a 
hull, it becomes possible to surface a hull completely and to run a hull, and the resistance at the time 
of transit becomes still smaller. 
[0009] 

[Function] Drawing for explaining the working principle of the hydrofoil used for drawing 2 in this 
invention is shown. Although the shape of a wing section of a hydrofoil 2 had turned into the 
configuration where the aerofoil posterior part 5 leaped up up, in drawing 1 In an certain angle of 
incidence which the reason made into such a configuration becomes as [ show / distribution of the 
differential pressure of an aerofoil vertical side / when this aerofoil is placed into a uniform flow / 
drawing 3 ], and produces lift as the whole aerofoil It is for the moment which acts from the aerofoil 
posterior part 5 to negate the moment (moment which acts on the sense which is going to make the 
angle of incidence of an aerofoil small) which acts on the surroundings of the revolving shaft 3 of a 
blade from the aerofoil anterior part 6. By doing in this way, the aerofoil supported with the 
revolving shaft 3 is stabilized, where it has the angle of incidence which generates lift in the flow of 
a fluid as shown in drawing 2 (b). In this example, the lift as the whole aerofoil is equal to resultant 
force with the lift 8 which acts on the aerofoil anterior part 6, and the negative lift 7 which acts on 
the aerofoil posterior part 5. In addition, lift 8 and the moment hung mutually can be generated by 
the smaller force, so that the point of application of lift 7 is kept away from a revolving shaft 3 
compared with the point of application of lift 8. 

[0010] Here, supposing a hull will be in a head raising condition under the effect of a billow etc., it 
follows in footsteps of rotation of a hull for the frictional resistance of a revolving shaft 3 and a 
bearing 4 and the angle of incidence of a hydrofoil increases temporarily, the upward force 8 which 
the downward force 7 committed at the aerofoil posterior part 5 decreases as shown in drawing 2 (a), 
and is committed to the aerofoil anterior part 6 will increase. Thereby, the moment 9 of head 
lowering arises around a revolving shaft 3, and an aerofoil angle of incidence decreases. On the 
contrary, the upward force 8 which a hull will be in a head lowering condition, the downward force 7 
committed at an aerofoil posterior part increases as shown in drawing 2 (c) when the angle of 
incidence seen from the aerofoil decreases, and is committed to the aerofoil anterior part decreases. 
Thereby, the moment 10 of head raising arises around a revolving shaft 3, and increases a blade 
angle of incidence. Thus, an aerofoil angle of incidence falls to an certain angle of incidence as 
finally shown in drawing 2 (b) automatically, and is attached to it. That is, a hydrofoil 2 holds a fixed 
angle of incidence to a stream irrespective of posture fluctuation of a hull. 

[001 1] Therefore, as shown in drawing 4 (a) - (c), without being based on the posture of a hull, to a 
stream, an aerofoil becomes possible [ holding a fixed angle of incidence automatically ], and it 
becomes possible to make almost fixed lift (resultant force of reaction) act to a hull through a 
revolving shaft 3 of it. In addition, the responsibility of actuation of angle-of-incidence adjustment of 
the aerofoil to disturbance becomes high, so that rotation frictional resistance of a revolving shaft 3 
is made small, and, so that mass of an aerofoil is made small. It becomes possible by the aerofoil 
posterior part's having bounded here according to a run state, and controlling an angle to adjust the 
magnitude of the force which a hydrofoil generates. For example, it becomes possible to maintain 
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the lift which an aerofoil generates to constant value, without being based on the rate of a hull by 
making the configuration of an aerofoil into the **** configuration which the angle of incidence of 
an aerofoil stabilizes with a small value as the rate of a hull becomes large. 

[0012] By carrying out like this, a part of weight of a hull is made to always take charge of with a 
displacement, and it becomes possible to hold the independence stability of a hull, for example. 
Moreover, it is the purpose which controls vibration of the hull by disturbance, such as a wave, and it 
is also possible to control the lift which an aerofoil generates. The lift which generates all the weight 
of a hull by the hydrofoil is made to take charge as this example, and in order to cope with the force 
changed in time of acting on a hull according to disturbance, such as a wave, it is possible to control 
the shape of a profile. 

[0013] As shown in drawing 5 , by dividing an aerofoil crosswise and supporting it, when the flow 
direction is uneven crosswise, it becomes possible to make small the difference of the angle of 
incidence of each aerofoil 2-1 - N, and the effectiveness as the whole aerofoil improves. Moreover, 
by the aerofoil posterior part 5-1 of each aerofoil - N having bounded, and controlling an angle, it 
becomes possible to control the lift which acts on each aerofoil according to an individual, and the 
attitude control of the rolling direction of a hull becomes possible. 

[0014] In addition, when supported not only with this example but with a revolving shaft as a 
configuration of an aerofoil, as long as it is the three-dimension configuration which is stabilized 
where it has the angle of incidence which generates lift in the flow of a fluid, you may be what kind 
of configuration, and the same effectiveness may be produced by adding an aileron. Moreover, when 
generating of cavitation cannot be controlled by the reasons nil why wing loading is large etc., as a 
profile, a supercavitation profile is suitable. Moreover, constraint is prepared in a bearing 4 and a 
revolving shaft 3 for the purpose of preventing that an aerofoil touches a hull, and rotation may be 
made to allow only by within the limits with a hydrofoil 2. 

[0015] Drawing for explaining an example of the shape of a profile of a hydrofoil to drawing 6 is 
shown. The hydrofoil 2 consists of the lift generating section 1 1 and an angle-of-incidence control 
section 12 attached in those both ends in this example. The lift generating section 1 1 is supported 
with the revolving shaft 3 located near [ the ] an aerodynamic center, and the angle-of-incidence 
control section 12 is supported with the revolving shaft 13 located near the trailing edge of the lift 
generating section 11. The relative-angle-of-attack difference of the angle-of-incidence control 
section 12 and the lift generating section 1 1 is controlled by the servo motor by the include angle of 
arbitration through a revolving shaft 13. If the angle-of-incidence control section 12 is fixed so that it 
may have a negative angle of incidence to the lift generating section 1 1, a hydrofoil 2 will be 
stabilized by the angle of incidence which generates lift in flow. 

[0016] In addition, it is not dependent on the include angle of a stanchion 14, therefore does not 
depend on the include angle of the pitching direction of a hull for the lift vector to generate. Drawing 
for explaining an example of the shape of a profile of a hydrofoil to drawing 7 is shown. The 
hydrofoil 2 is constituted from the supporting structure 17 which fixes the main plane 15 which 
generates lift, the aileron 16 for stabilizing a main plane by the fixed angle of incidence in flow, and 
a main plane and an aileron by this example. 
[0017] 

[Example] The example which applied this invention to the vessel of a skid mold at drawin g 8 is 
shown. If it is made for a hull to have one half extent of hull weight supported from a hydrofoil at the 
time of a skid, while enabling it for resistance to become small and to attain a big rate under small 
power, it becomes possible by supporting the weight of one half extent according to the force from a 
skid side to maintain the independence stability of a posture. 

[0018] The example which applied this invention to the vessel of a skid mold at drawing 9 is shown. 
The location of a revolving shaft 3 is made into near [ center-of-gravity location 18 ] a hull in this 
example. By doing in this way, it becomes possible to make it the force of acting from a hydrofoil at 
the time of posture fluctuation of a hull not serve as the angular moment of the pitching direction of 
ahull. 
[0019] 

[Effect of the Invention] By being supported by the bearing which allows freely rotation of the 
direction to which an angle of incidence is changed in this invention, and considering as the vessel 
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which gave the hydrofoil of the configuration stabilized by the angle of incidence which generates 
lift in the flow of a fluid, as stated above [ when posture fluctuation of the pitching direction arises in 
a hull according to disturbance, such as a wave, ] It becomes possible to make eternal lift which 
becomes possible [ making eternal the angle of incidence of a hydrofoil to the flow of a fluid ], with 
a hydrofoil generates, and it becomes possible to offer the vessel which has the hydrofoil which 
cannot be easily influenced by the hull of posture fluctuation. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing for explaining the basic configuration of a vessel by this invention. 
[Drawing 2] Drawing for explaining the principle of the automatic optimization of an aerofoil angle 
of incidence by this invention. 

[Drawing 3] Differential pressure distribution of the aerofoil vertical side of a hydrofoil by this 
invention. 

[Drawing 4] Drawing for explaining the mechanism from which the magnitude and the direction of a 
fluid force which a hydrofoil generates at the time of the pitching vibration of a vessel by this 
invention become eternal. 

[Drawing 5] Drawing for explaining the example of a configuration of a hydrofoil by this invention. 
[Drawing 6] Drawing for explaining the example of a configuration of a hydrofoil by this invention. 
[Drawing 7] Drawing for explaining the example of a configuration of a hydrofoil by this invention. 
[Drawing 8] The example which applied this invention to the vessel of a skid mold. 
[Drawing 9] The example which applied this invention to the vessel of a skid mold. 
[Description of Notations] 

1 Hull 

2 Hydrofoil 

3 Revolving Shaft 

4 Bearing 

5 Aerofoil Posterior Part 

6 Aerofoil Anterior Part 

7 Resultant Force of Lift Which Acts on Aerofoil Posterior Part or Lift, and Reaction 

8 Resultant Force of Lift Which Acts on Aerofoil Anterior Part or Lift, and Reaction 

9 Head Lowering Moment 

10 Head Raising Moment 

1 1 Lift Generating Section 

12 Angle-of-Incidence Control Section 

13 Revolving Shaft of Angle-of-Incidence Control Section 12 

14 Stanchion 

15 Main Plane 

16 Aileron 

17 Supporting Structure 

1 8 Center-of-Gravity Location 
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DRAWINGS 



[Drawing 1] 






[Drawing 2] 




[Drawin g 3 ] 
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[Drawing 8] 




[Drawin g 9] 
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WRITTEN AMENDMENT 



[ a procedure revision] 

[Filing Date] December 20, Heisei 5 
[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0008 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0008] In addition, in order to enlarge effectiveness as an aerofoil, as for the location of a revolving 
shaft 3, considering as the front a little is more desirable than the aerodynamic center of an aerofoil. 
In this example, the hull serves as a catamaran mold. In this case, when not controlling the 
configuration of a hydrofoil, as for a part of weight of a hull, it is desirable to make it take charge 
with a displacement and to maintain the independence stability of the posture of a hull. On the other 
hand, in controlling the shape of a profile according to the run state at that time, and the posture of a 
hull, it becomes possible to surface a hull completely and to run a hull, and the resistance at the time 
of transit becomes still smaller. Some explanation is further given about the mechanism of this lift 
automatic stabilization. With the aerofoils of the configuration where the trailing edge leaped up, the 
moment coefficient of the circumference of an aerodynamic center serves as forward (the direction 
which raises first transition, direction which will increase an angle of incidence alpha if it puts in 
another way), and stabilizes an aerofoil by the angle of incidence which generates lift forward in the 
inside of a uniform flow by making the location of a revolving shaft 3 into the front (first transition 
approach) from an aerodynamic center. Generally the moment coefficient of the circumference of the 
aerodynamic center of an aerofoil with a negative camber (negative curvature ratio) serves as 
forward, and as for this inclination, it is so desirable that the maximum curvature location from first 
transition is close to a trailing edge to consider as the configuration where adjusted near the trailing 
edge to increase and increase a moment coefficient, without worsening a L/D ratio, and the trailing 
edge leaped up. In addition, in order to enlarge effectiveness as an aerofoil, as for the moment 
coefficient of the circumference of the aerodynamic center of an aerofoil, it is desirable that they are 
+0.01 to about 0.1 and a forward small value, therefore, as for the location of a revolving shaft 2, 
considering as the front a little is more desirable than the aerodynamic center of an aerofoil. The 
configuration of various profiles and the relation of a property are LH.Abbott. et al., Summary of 
Airfoil Data, NACA ReportNo.824, (1945), I. H.Abbott and A.E.vonDoenhoff, Theory of Wing 
Sections, Dover Publications, Inc., N.Y., (1959), F. W.Riegels, Aero-foil It is investigated by the 
detail by Sections, Butterworths, London (1961), etc. In case this invention is carried out, there are 
many cases which adopt the profile which has a negative camber, but about the profile which has the 
relation of a mirror image mutually to a chord line, that what is necessary is just to reverse a y- 
coordinate shaft perpendicular to a chord line, since an angle of incidence alpha, a lift coefficient 
CL, and moment coefficient-C M make a sign reverse and should just consider it, the abundant data 
of said reference can be used also in this case. In addition, this whole aerofoil is stabilized by the 
angle of incidence alpha which generates lift in flow by considering as a configuration from which 
the moment of the circumference of the aerodynamic center of the whole aerofoil serves as forward 
like [ aerofoil / whole ] the above-mentioned, and making the location of a revolving shaft 3 into the 
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front (leading edge approach) a little than the aerodynamic center of the whole aerofoil. 

[Procedure amendment 3] 

[Document to be Amended] DRAWINGS 

[Item(s) to be Amended] Complete diagram 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Drawing 1] 

14- 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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{Drawing 5] 
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[Drawin g 9] 
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